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Final Technical Report

Project Title: Equipment for Parallel, High Speed Nano-manufacturing

ONR Award No.: N00014-04-1-0808
PI: Prof. Xianfan Xu, School of Mechanical Engineering, Purdue University

Project Area Definition: Nano-manufacturing, (unconventional, alternative) nano-lithography, nano-
optics
Objectives: To develop an optical based massively parallel nano-manufacturing technique.
Approach: The enabling technology in the proposed nano-manufacturing system is a nanoscale optical
antenna capable of concentrating light into a nanometer size domain with high transmissivity. The
concentrated radiation (light spot) from the antenna will then be used for nano-manufacturing. We use an
array of antennas, each to be individually controlled, for parallel nano-manufacturing and nano-
lithography.
Accomplishments: (a) Constructed a parallel nano-manufacturing/lithography apparatus, which is
housed in a table-top class 10 glove box as shown in Fig. la. (b) Developed fabrication technologies for
making antenna arrays as shown in Fig. lb and demonstrated their light concentration capability and
potentials for nano-lithography as shown in Fig. 1c. (c) Developed another key component of the
apparatus, a compliant kinematic flexure system for maintaining contact for lithography during scanning of
the antenna array over the sample surface as shown in Fig. 2a. (d) Investigated fundamentals of light
concentration and enhancement in the antenna array, including the development of a femtosecond
resolved spectral near field scanning optical microscope (Fig. 2b). Five journal articles, ten invited talks
and a number of conference presentations result from this work and are listed in the publication list.

Performance Improvements: Utilizing nano-antennas for lithography is a novel concept first proposed in
this project. It was intended to provide an alternative, low cost lithography method to those currently being
used/investigated elsewhere such as EUV lithography. It is estimated that this technology will be able to
produce nanoscale patterns with resolution better than 50 nm, at a cost only a fraction of other
technologies (- $100k vs. >>$M). It is anticipated that tens to hundreds of nanoscale light spots can be
used in parallel to produce complex patterns in parallel. Being able to concentrate light into nano domain
will also have applications in data storage, inspect, and ultra-high resolution bio-sensing.
Project Task Description & Breakout by $/YR: The project task is to construct the nanolithography
apparatus. The budget ($168 k) is for equipment only.

(a) (b)
(c)

Figure 1. (a) A nano-lithography system housed in a class 10 glove box. (b) Bowtie antenna array fabricated suing
focused ion beam milling. (c) Nanometer hole arrays produced by bowtie array in (b).



(a) (b)
Figure 2. (a) A kinematic flexure system for maintaining contact between antenna arrays and photoresist. (b) A home-
built femtosecond resolved spectral nanoscale scanning optical microscope.
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